Introduction
In 1996, Michael Green's landmark article 1 established the significant relationship between neurocognition and community functioning in schizophrenia. Evidence for this relationship has strengthened since then by examining specific domains of functioning, including social competence, [2] [3] [4] and vocational functioning. 5, 6 The idea that social cognition can be posited as a construct related to but distinct from neurocognition is not new and can be dated back to studies in the 80s and 90s. 7, 8 The independent contribution of social cognitive processes to understanding function has received further evidence in more recent studies. [9] [10] [11] [12] A review in 2006 found support for distinct associations between social perception, emotion perception, and theory of mind (or attributional style) to various measures of social functioning and that these social cognitive abilities often mediated or made independent contributions from neurocognition in explaining variance in social functioning. 2 Social cognition has been variously defined but is generally agreed to represent cognitive capacity for processing social information, such as affect recognition, theory of mind, and understanding the gist of social conversations, and social reasoning. There is to date no common agreement on the assessment of social cognition though all would agree that it is a multifaceted construct. Despite complexities in the measurement of social cognition, it has recently been shown that social cognition represents a separable cognitive domain in schizophrenia. 13, 14 Studies have shown that people with schizophrenia performed poorly on tests of social cognition compared with the normal population. 15, 16 Despite uncertainty about what constitutes social cognition, a commonly accepted definition is that social cognition is the mental operations underlying social interactions, which include processes involved in perceiving, interpreting, and generating responses to the intentions, dispositions, and behaviors of others. 17 A few investigators have recently examined the role that social cognition might play in community functioning. [17] [18] [19] Using structural equation modeling, recent studies have found support for the hypothesis that social cognition mediates the effects of neurocognition on function. 2, 20 A complex examination of the relationship between neurocognition, social cognition, and several functional domains was recently presented by Bowie and Harvey. 21 Using path analysis, they showed that attention/working memory and processing speed predicted social competence. Their social competence measure was based on the UCSD Performance based Skills Assessment and the Social Skills Performance Assessment, which is not the same as social cognition but contains skills that require social cognition. They found in their path analysis that this social competency endogenous variable mediated the relationship between neurocognition and community activities and work skills. Their finding regarding work skills is of special interest to our research group because of our focus on vocational rehabilitation for people with severe mental illness. While the article of Bowie and Harvey 21 used a person's capacity for work based on ratings of employable skills, level of supervision required to complete tasks, ability to stay on task, and punctuality, the authors make a special point that these ratings were not based upon behavior during employment and should be distinguished from actual work performance on the job.
Working involves many features that may be related to social cognition. Work performance inventories used in rehabilitation programs usually include social skills, cooperativeness, and personal presentation 22, 23 as essential elements. Moreover, sustaining employment involves continuously dealing with new demands in the work environment from changes in schedule to new personnel, and adapting to these changes often requires social understanding. Misattributions and misperceptions in regard to these changes can lead to abrupt job loss and briefer periods of employment. Finally, social cognition may affect an individual's likelihood of being given more complex assignments by the supervisor because complexity usually includes greater interpersonal demands such as helping a trainee, organizing other workers, or dealing with the public.
In the present study, we examine the relationship of neurocognitive and social cognitive functioning to actual work rehabilitation outcomes. The rehabilitation outcome variable that we have developed incorporates the 3 most critical features of work performance: how well they worked, how much they worked, and how complex was the job that they were doing (detailed in ''Method'' section). Participants were outpatients with schizophrenia or schizoaffective disorder engaged in a 6-month work therapy (WT) program that provided up to 20 hours per week of paid work activity. By observing them on the job every other week, we were able to see their work performance over time. Thus, we believe that the outcome variable in our model has verisimilitude and adds significance to the predictive value of our tested variables.
In addition to neurocognition and social cognition, we had observed clinically that social discomfort on the job appeared to influence outcomes, and we reasoned that such discomfort might be caused in part by difficulty in social information processing. Therefore, we asked participants each week to rate their level of social discomfort on the job on 3 questions using Likert scales: was being at your job stressful?, was talking to your coworkers difficult for you?, and was it difficult to understand your coworkers? Thus, a single individual could give as many as 26 ratings on each of these questions over the course of their 6-month WT program. By averaging their weekly scores on each question, adding them together, and generating a z distribution, we were able to derive a single variable to capture this potentially important feature of the person's work experience. The present study is the first to offer a measure of social discomfort on the job as a possible mediator of neurocognitive and social cognitive variable's effects on vocational performance.
The purpose of this report is to test the relationship between neurocognition, social cognition, and vocational performance and to determine whether social discomfort is an important mediating variable. We hypothesize that neurocognition will have direct effects upon vocational performance as has been demonstrated in previous studies and that it will have indirect effects on vocational performance that are mediated by social cognition. We further hypothesize that impairments in social cognition will be related to social discomfort on the job, which will mediate the effect of social cognition on vocational performance.
Method

Participants
One hundred fifty-one participants with schizophrenia (n = 105, 69.5%) or schizoaffective disorder (n = 46, 30.5%) as determined by PhD psychologists using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, procedures 24 participated in intake procedures after being referred by their clinicians. All provided informed, written consent. Participants were in treatment at the VA Connecticut Healthcare System, West Haven, or at the Connecticut Mental Health Center. The study was approved by the local institutional review boards at both institutions. Data were collected from 1998 to 2003 as part of a study that randomized subjects into WT or WT plus neurocognitive enhancement therapy (NET þ WT), an experimental program of cognitive Neurocognition, Social Cognition, Perceived Social Discomfort, and Vocational Outcomes remediation. 25 Participants were not considered sufficiently stable to participate if there had been a change in psychiatric medications or housing in the last 30 days, if they had an episode of drug abuse within the past 30 days, or if they had a Global Assessment of Functioning score of 30 or below. Known neurological disease and developmental disability were also cause for exclusion. Participants were on average 42.8 (8.9) years of age, 58% male, 63.8% single and never married, and 61.2% Caucasian. Their average Wechsler Adult Intelligence Scale III (WAIS-III) full-scale IQ was 88.5 (13.1), and their education was 13.19 (2.0) years. Average age of first onset was 22.6 (7.4) years, and their average age of first hospitalization was 25.8 (7.3) years with an average total number of hospitalizations of 13.2 (2.0). Twenty-two percent were receiving a typical antipsychotic only, 68% an atypical antipsychotic only, 8% were receiving both, and 2% were taking other psychoactive medications but not antipsychotics. Average chlorpromazine equivalent dosage was 684.7 (493.5).
Measures
Neuropsychological Assessment. Our own factor analyses 26 and others 27 have consistently found that neuropsychological test performance in schizophrenia typically yield the following factors: executive functioning, verbal memory, attention and working memory, processing speed, and thought disorder. To create a single exogenous variable to represent the latent construct of neurocognition, we selected variables from our neurocognitive test battery that represented each of these factors. We limited ourselves to one variable to represent each factor in order to keep the number of parameters within the acceptable range for a confirmatory factor analysis given our sample size. Executive function was represented by percent conceptual level on the Wisconsin Card Sorting Test (WCST), 28, 29 verbal memory by the Hopkins Verbal Learning Test Revised 30 trial 1 total, attention and working memory by Digit Span scaled score from the WAIS-III, 31 processing speed by Digit Symbol Substitution Test also from the WAIS-III, and thought disorder by Bizarreness score on the Gorham's Proverbs Test. 32, 33 Social Cognition. Unlike neurocognition, there is little consensus about how social cognition should be measured in schizophrenia. Although there is conceptual coherence to the construct, it remains a matter of conjecture as to what constitutes social cognitive processes. Our view is that social cognition is comprised of both elemental and more complex reasoning processes. Affect recognition and theory of mind are 2 elemental social cognitive processes that have received scientific development in terms of measurement methodology and some evidence of relationship to social functioning. These 2 aspects of social cognition were represented in our model by the Bell Lysaker Emotion Recognition Test (BLERT) 34 total score and by the Hinting Task 35, 36 total score. However, we also wanted to capture a broader understanding of social cognition that is reflected in the self-experience of relatedness and in the ability to establish rapport. To do so, we employed the Bell Object Relations Inventory (BORI) 37 Egocentricity Scale. This self-report instrument has been used in a number of studies in schizophrenia (eg, Bell and Bruscato 38 , Bell et al 39 , and Bell and Zito 40 ), and the Egocentricity Scale is associated with a more autistic understanding of others. The assessment of capacity for rapport came from the Rapport item on the Quality of Life Scale (QLS), 41 which was rated by our trained interviewers and is defined as how well the participant was able to engage and sustain connection during the questioning. Thus, we constructed our latent construct of social cognition with the deliberate intent of gaining robustness from convergent methods of assessment: performance (BLERT and Hinting Task), selfreport (BORI Egocentricity), and interview (QLS Rapport).
Social Discomfort on the Job. Each participant attended a workers group once per week (described below). At the beginning of each group, they were asked to respond to the following questions regarding social discomfort by circling a number on a scale from 1 (not at all) to 7 (completely). Was it difficult to understand your coworkers this week? Was being at your job stressful this week? Was talking to your coworkers difficult for you this week? These questions were developed from our observations of common concerns expressed by previous participants that we thought had influenced their work functioning.
Rehabilitation Outcome: Work Performance, Complexity, and Total Hours Worked. We wanted to create a composite score of overall rehabilitation outcome that would capture the most salient features of good workers: how well they worked, how much they worked, and how complex the job was. We used the total score from the Work Behavior Inventory (WBI) to measure work performance. It is an observational measure that we have found reliable 42 and predictive of future work functioning. 23 WBI evaluations are done on site and include observation of the worker and brief interviews with the supervisor. We used the last 3 WBIs (over a 6-week period) as a measure of the workers' final work performance. We used 3 rather than the last one because we wanted to increase the stability of measurement. WBI total ratings had excellent reliability in this study (intraclass correlation [ICC] = .91). Along with the WBI ratings, the complexity of the job was rated using a complexity scale from 1 to 5, with higher scores indicating that the job required multiple tasks, greater autonomy, and more interpersonal complexity.
Changes in complexity score occurred when a worker was given new duties. For example, a worker in mail delivery would generally begin by going with someone else and helping on the route of deliveries (rated ''1''). The worker would then progress to having his own route (rated ''2'') and then might be asked to learn several routes and to do package deliveries and take phone calls in the mailroom (rated ''3''). The worker might be entrusted with special handling deliveries (such as refrigerated specimens), taught to operate complicated machines that sorted and stamped mail, and asked to handle the reception desk for general inquiries (rated ''4''). Finally, the worker might be expected to do all the above and also break in new workers and assign work to others (rated ''5''). Changes in complexity ratings for an individual were relatively infrequent and were done by consensus of the research staff after a presentation of the circumstances. This is a similar procedure used by our university for determining when a staff member's duties have changed sufficiently to warrant a possible raise. A job audit is conducted, and a panel makes a determination comparing the new duties with established standards. Because consensus ratings were used, ICCs were not established for the complexity score.
To capture the consistency of working, we chose to use the total hours worked over the 6 months of the program rather than merely the final 6-week period of the WBI evaluations. We did so to increase the range and to fairly capture the difference between someone who worked well but quit after 13 weeks and someone who worked steadily the entire 26 weeks. To create a composite score, average WBI totals, average complexity score, and total hours were normalized by creating z distributions, and then the z values were averaged, creating a single score representative of overall rehabilitation outcome.
Procedure
Following informed consent, diagnostic and psychosocial data were collected and the intake neuropsychological testing was performed over 2 or 3 sessions. PhD or Master's-level psychologists trained specifically in study methods performed all procedures. For brevity and to preserve the focus of the current report on predictors of work performance, we minimize the presentation of procedures related to the randomized study and do not present results regarding condition assignments, which are available elsewhere. 25, 26, 39, 43 Following intake testing, participants were stratified based on degree of cognitive impairment and randomly assigned to 6 months of either NET þ WT or WT only.
Work Therapy. WT consisted of (1) payment for work activity at the rate of $3.40 per hour for up to 15 hours per week with increasing bonus pay ($3.90-$8.40) for 16-20 hours; (2) job placement at the medical center; (3) individual counseling when problems arose; (4) a group offering support, problem solving, goal setting, and detailed work performance feedback based on the WBI 42 ; (5) a job coach for job-related difficulties and individual vocational counseling; (6) a certificate of participation in the program; and (7) referral to other vocational services upon completion of the 6-month active phase. The most common work sites were in dietetics, mailroom, grounds, maintenance, patient transport, and medical administration with duties similar to those of entry-level employees supervised by regular medical center personnel.
Neurocognitive Enhancement Therapy. NET consisted of (1) feedback from the Vocational Cognitive Rating Sacle (VCRS), 36 a rating of work-related cognition, in the support group; (2) cognitive exercises for up to 5 hours each week for 26 weeks; and (3) a weekly social information-processing group. In addition to the cognitive exercises, participants in the NET condition were also able to participate in up to 15 hours of WT (see above), for a maximum of 20 hours productive activity. Pay structure and maximum hours of productive activity were equivalent between the conditions. VCRS feedback was given on a biweekly schedule (at the same time as the WBI feedback) and consisted of job ratings of attention, memory, and executive function. Patients were also encouraged to develop goals based on their WBI and VCRS feedback.
Cognitive exercises involved repeated practice on computer-based exercises for attention, memory, and executive function and a dichotic listening task. Participants attended up to five 1-hour sessions per week. Cognitive exercises utilized a modified form of Psychological Software Services CogReHab Software, 44 a multimedia cognitive rehabilitation software designed for use with individuals with compromised brain function. Details of the tasks are described in Bell et al 39 and Fiszdon et al. 45 
Data Analyses
The analyses were performed by SPSS version 14 and AMOS version 7.0 (SPSS, Inc., Chicago, IL). Descriptive statistics of all variables involved were first computed. A correlational matrix between the variables for neurocognition and social cognition was produced. We then performed a confirmatory factor analysis to assess if the variables we selected load well on the latent constructs ''neurocognition'' and ''social cognition.'' Factor loadings were used to specify the association between the indicator variable and the latent construct. By using principal axis factoring, factor analysis was used to generate factor scores for subsequent path analysis. Factors with eigenvalues over 1 were extracted along with varimax rotation.
With support from the confirmatory factor analysis, we created factor scores for neurocognition and social cognition that were summated z scores of the relevant component variables. In addition, we compiled a composite rehabilitation outcome score based on the number of hours worked, WBI scores, and the complexity score. Again, it was a factor score by summation of the converted z scores of the 3 parameters. All the above factor scores were used for the subsequent analyses.
A correlational matrix showing the relationship between variables of neurocognition and social cognition and variables of perceived social discomfort and rehabilitation outcome was computed. Path analysis was then used to test the relationship between neurocognition, social cognition, and perceived social discomfort at work in relation to the rehabilitation outcome. In the analysis, neurocognition was treated as the exogenous variable while social cognition and perceived social discomfort in the workplace were treated as the mediating variables. We hypothesized that neurocognitive function has both direct and indirect effects on rehabilitation outcomes. We tested 2 models based on the literature and our hypothesis. In model 1, only social cognition was treated as the mediating variable between neurocognition and rehabilitation outcome based on available literature. 2, 20 In model 2, we test our own model that perceived social discomfort was treated as an additional mediating variable between social cognition and rehabilitation outcome. Three different goodness-of-fit statistics were used which included the model relative chi square (v 2 /df), 46 the comparative fit index (CFI), 47 and the root mean square error of approximation (RMSEA). 48 The relative chi square has the advantage of being less dependent on sample size. 46 The CFI compares the final model with an ''independence'' model, which is a null model that assumes all variables are uncorrelated with dependent variable. It provides good model fit even with a small sample size. 49 RMSEA is also a commonly used fit statistic because it does not require a null model. 46 A model that fits well with the data has a v 2 /df ratio less than 3, 50 a CFI of greater than 0.90, and an RMSEA less than 0.08. [51] [52] [53] To compare the 2 models to be developed by our analysis, we used the following formula to compute the P value for comparison of model fit.
Results
The means and SDs of the variables pertaining to neurocognition, social cognition, and perceived social discomfort are presented in table 1. The correlational matrices of the variables are shown in table 2. Table 3 summarizes the hypothesized model that neurocognition was a 5-factor latent construct that consisted of thought disorder, verbal memory, attention and working memory, executive function, and processing speed. The model shows that the 5-factor structure fit well with the observed data that was confirmed by the goodnessof-fit statistics (v 2 = 5.353, df = 5, P value = .374; CFI = 1.00 (saturated model), 0.992 (default Model); and RMSEA = 0.022.
Confirmatory Factor Analysis
Similarly, confirmatory factor analysis shows that the 4-factor solution of social cognition variables-affect recognition, theory of mind, egocentricity, and rapportfitted well with the observed data. This was confirmed by the goodness-of-fit statistics (v 2 = 2.459, df = 2, P value = .292; CFI = 1.00 (saturated model), 0.975 (default model); and RMSEA = 0.039).
Path Analysis
In our path analysis, we treated neurocognition as the exogenous variable and social cognition as the endogenous variable for our 2 models.
In model 1, we tested the model suggested by available literature that neurocognition had a direct effect on rehabilitation outcome and that it was also mediated by social cognition exerting its indirect effect on rehabilitation outcome. Table 4 shows the result of path analysis for this model. The model shows that social cognition was the mediator between neurocognition and rehabilitation outcome. Neurocognition explained 22.3% of variance of social cognition, which in turned explained 5.5% of variance of the rehabilitation outcome. However, the model on the whole did not fit well with the observed data. Statistics (v 2 = 6.961, df = 1, P value = .008; CFI = 1.00 (saturated model), 0.868 (default model); and RMSEA = 0.199) show that it is not a well-fitted model according to our criteria. Table 5 shows the second model that was conceptualized as the multiple mediator model. First, social cognition was the mediator between neurocognition and rehabilitation outcome similar to model 1. Second, perceived social discomfort was conceptualized as another mediator between social cognition and rehabilitation outcome. This model shows that neurocognition had a significant direct effect on rehabilitation outcome. In addition, it exerted a significant indirect effect mediated by social cognition and perceived social discomfort. Neurocognition had a significant positive effect on social cognition explaining 22.5% of its variance. On the other hand, social cognition had a significant negative relationship with perceived social discomfort in the workplace with 6.7% of its variance explained. Perceived social discomfort similarly had a significant negative impact on rehabilitation outcome. The model explained altogether 18.4% of the total variance of the rehabilitation outcome. Goodnessof-fit statistics (v 2 = 2.128, df = 2, P value = .345; CFI = 1.00 (saturated model), 0.998 (default model); and RMSEA = 0.021) shows that the model is well fitted to the observed data.
To compare the 2 models, we computed the P value based on the formula presented above. Table 6 shows that model 2 is better than model 1 in terms of their goodness of fit.
Discussion
Results of the current study reveal the contribution that social cognition and social discomfort make to vocational rehabilitation outcomes. The model that we tested was based on previous work showing that social cognition (measured in ways somewhat different than in this study) mediated the effects of neurocognition on community function. [17] [18] [19] Our first model, which did not include social discomfort and did not have a direct path for neurocognition, proved to be a poor fit to the data. Our second model, which included the direct effects of neurocognition on rehabilitation outcome and the mediating role of both social cognition and social discomfort, proved to be a good fit to the data and far superior to the first model. These results may be interpreted to indicate that social cognition is dependent upon neurocognitive processes and that its functional impact may occur indirectly through its effects on social discomfort. People with poorer neurocognition are likely to have more problems with social cognition. Impaired social cognition makes it more difficult for people to be comfortable in the workplace, to understand their coworkers, and to communicate with them. These difficulties have direct effects upon how well they do their job, how much responsibility they are given, and how many hours of work they perform.
In order to test our model, we needed to make many choices in data reduction and in our selection of variables. In particular, our choice of variables to represent the latent construct of social cognition is somewhat original. We wanted to avoid shared method variance and enhance the robustness of the construct by selecting variables that came from performance testing (BLERT and Hinting Task), self-report (Egocentricity), and observation (Rapport). These variables had relatively low bivariate correlations with each other, but the confirmatory factor analysis showed that they all contributed significantly to the latent variable that we labeled social cognition. The resulting construct is contributed to by elemental features of social cognition such as theory of mind and affect recognition and more holistic aspects such as perceived relatedness and observed ability to establish rapport. As a latent construct, it proved to have an important role in explaining rehabilitation outcomes.
The final model suggests that social cognition and social discomfort on the job may both be relevant targets for intervention. There are a few interventions that have appeared recently in the literature including Social Cognition and Interaction Training, 55 cognitive enhancement therapy, 56 and social cognitive enhancement training 57 that may be helpful in addressing both elemental functions such as affect recognition and more holistic functions such as ''gistful learning.'' 11 Other interventions that directly concern social functioning in the workplace may be useful in addressing social discomfort. These include ''Work Place Fundamentals,'' a social skills training module 58 and a work feedback and goal setting group described in Bell et al 59 that includes issues of social skills and cooperativeness on the job. In addition, cognitive and behavioral techniques to help clients cope with stress 60 and psychoeducation used to help people to handle work-related stress 61 are promising approaches. There are a number of limitations that come from the post hoc nature of this analysis and the choices that were necessary in selecting variables and building models. For example, tests selected for the social cognition construct did not include a specific assessment of attributional style, which may have been an important feature to capture. The data came from a randomized study of cognitive remediation, and the conditions of that trial are not included in the model because of limitations in power that constricted the number of parameters that could be included. However, the effects of condition should not have been relevant to neurcognition or social cognition that were evaluated before entry into condition. Furthermore, although cognitive training proved to have a favorable effect on vocational outcomes in the 6 months following the intervention, 25 those effects were not found at the conclusion of the intervention, the time period when our rehabilitation outcome measure was recorded.
Results of this study may not be generalizable to other types of vocational rehabilitation such as supported employment or to a younger sample, such as those recovering from their first episode. However, results suggest the potential significance of social discomfort as a contributor to vocational outcomes, and future studies in supported employment or with first-episode patients may wish to consider examining its effects.
